In this paper we study the effect of subtle changes in initial conditions on the evolution of global quantities in two-dimensional Magnetohydrodynamic (MHD) turbulence.
We denote the complex Fourier modes z ± (k) by |z ± (k)| exp(iθ ± k ), where θ ± k are the phases of the modes. All the three global inviscid invariants E, H c , and A are independent of phases, while the Alfvén ratio r A depends on the phase difference θ
Ting et al. [1] found that the Alfvén ratio affects the evolution of global quantities; it follows from their observations that the initial phase difference θ + k − θ − k would affect the global evolution.
In this paper we demonstrate numerically that even keeping this initial phase difference fixed, change of absolute value of the initial phases θ + k affects the global evolution.
In our simulations we investigate the effects of the initial phases on the subsequent total energy E, normalised cross helicity σ c , and Alfvén ratio r A . The temporal evolution of σ c has been the subject of investigation in a number of earlier studies [1, 2, 3, 4, 5] . In several of these studies, σ c has been observed to increase with time [2, 3, 4, 5] , a behaviour termed as dynamic alignment. However, Biskamp and Welter [4] observed in their simulations that the tendency towards dynamic alignment decreases with the increase in Reynolds number, and σ c could even decrease at high enough Reynolds number [4] . Ting et al. [1] too observed a few cases of decreasing σ c for small values of initial σ c and E/A. In these earlier studies the effects of absolute phases have not been studied.
We solve the 2-D incompressible MHD equations with hyperviscosity. The equations written in terms of the Elsässer variables, z + and z − are
where ν + and ν − are related to the fluid viscosity (ν) and magnetic diffusivity (µ) by the relationship ν ± = 1/2(ν ± µ). The last two terms in Eq. (6) include hyperviscosity ν ± /k to damp out the energy at very high wave numbers. We choose ν = µ = 5 × 10 −4 for runs on a grid of size 512 × 512 and ν = µ = 10 −3 for runs on a grid of size 256 × 256. The hyperviscosity related parameter k eq is chosen to be 20 for runs on both the grids. The time step dt used for these runs is 10 −3 . The simulations are carried up to the final time
We use the pseudo-spectral method [6, 7, 8 ] to solve the above equations in a periodic box of size 2π × 2π. In order to remove the aliasing errors arising in the pseudo-spectral method a square truncation is performed wherein all modes with |k x | ≥ N/3 or |k y | ≥ N/3 are set equal to zero. The equations are time advanced using the second order Adam-Bashforth scheme for the convective terms and Crank-Nicholson for the viscous terms. In order to validate our code we used a simulation result of Pouquet et al. [5] for comparison (see Fig.   2 ).
The simulations are performed for various initial sets of σ c and r A values. The initial conditions are generated by first fixing r A , σ c , E + , and E − . The chosen value of r A determines the phase difference θ
The initial E and σ c determine |z ± (k)|. Note that the absolute phase θ + k is still a free parameter. Only modes within the annular region 1/2 ≤ |k| < 3/2 are non-zero and each of the modes within this region receives equal energy (i.e., |z
where M is the number of modes in the shell). The initial states are generated thus for only half the modes -the remaining half are conjugate to them.
The phase sensitivity of the evolution of σ c , E, and r A are studied by comparison of pairs of simulations in which initial θ + k are different. We change the initial phases in two ways. In one case we change θ + k uniformly for all the modes by an amount ∆, while in the other case the phases are changed by using a different random seed in the random number generator.
The initial global quantities E, H c , r A , and their spectra remain unchanged under these phase changes. The evolution of σ c for a variety of initial σ c , r A and ∆ values are shown in Table 1 (pairs of simulations are shown together; for example, mhd1 differs from mhd1 * only in that its initial z ± (k) fields have to be shifted from the latter's by ∆ = 0.4).
The N = 512 runs with t f inal = 50 are very time intensive. Hence only the small initial σ c runs, which we found to be sensitive to the phases, were carried out for N=512. A large number of runs were performed on N=64 to explore a wider range of initial conditions. All these results showed behaviour consistent with the results discussed below which are based on the high resolution runs N=256 and 512.
In our simulations, the small σ c runs showed the most significant dependence on initial phase θ 4 ) and the Alfvén ratio (Fig. 5) do not appear to be affected much by the phase shift. We also compare two simulations (mhd1 and mhd1 * * in Table 1 .) in which the initial phases are generated using different random seeds. For these cases also the effect on the evolution of σ c (Fig. 3) is significant, but the corresponding effects on the evolution of the total energy (Fig. 4 ) and r A (Fig. 5) are not noticeable. We also studied the effects of initial phases for the same initial σ c , but with a large initial r A (5.0). The runs mhd2 and mhd2 * show the effects of changing ∆, while mhd2 and mhd2 * * show the effects of different random number generator seeds. The results obtained for this case are similar to the run for initial condition with r A = 1.5. In Fig. 6 it is seen that for initial value of ∆ = 0.0 (mhd2), σ c increases and for initial ∆ = 0.3, σ c decreases. The effect of changing ∆ on the total energy ( Fig. 7) and r A (Fig. 8 ) is seen to be small. Similar results are obtained if we change the seed of the random number generator (compare mhd2 and mhd2 * * ). Hence, σ c (Fig. 6 ) is sensitive to the change in the initial phases whereas the total energy (Fig. 7) and r A (Fig. 8) are not sensitive. Earlier, Ting et al. [1] had observed a decrease in σ c for small initial σ c .
We also perform runs at higher initial values of σ c (mhd3 and mhd3 * in Table 1 .). The effect of phase shifting for initial σ c = 0.5 and r A = 5.0 is shown in Figures 9,10,11 . It is seen in Fig. 9 that the changes in evolution caused by phase shifting are relatively smaller for high initial σ c values as compared to small initial σ c discussed above. From Fig. 10 it can be seen that the effect of ∆ on total energy is also small and r A (Fig. 11) remains insensitive to the change in ∆. We have performed more runs than have been shown here and in all cases From the numerical results presented here we conclude that phases of the initial modes play an important role in the evolution of σ c , atleast for cases with small initial σ c values.
For higher values of σ c , phases do not appear to affect the evolution of σ c by any significant amount. In all the runs the total energy and r A were seen not to have any significant dependence on the phases.
The origin of the phase effects discussed here is not clear at this moment. We need to examine the evolution more carefully before reaching any definite conclusion. These studies could find applications in understanding the solar wind observations in which σ c has been observed to decrease [9, 10, 11, 12] .
It has been demonstrated in the paper that the evolution of normalised cross helicity is significantly affected by subtle features of the initial condition especially at low initial cross helicities. This observation will require us to be more circumspect in drawing conclusions based on arbitrary initial conditions and to exercise more care in choosing the initial conditions in MHD turbulence.
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